In recent years joint research effort of the concurrency community and the systems biology community has resulted in several successful formalisms and techniques for the modelling of complex behaviour of biological systems. One of the types of behaviour that has attracted considerable attention is the oscillatory behaviour. For example, the circadian clock is the biological mechanism responsible for the regulation of the daily rhythm of living entities by responding to the periodic environmental change between light and dark. The pacemaker cells are another interesting example of oscillatory behaviour: the cells create the rhythmical impulses of the heart and regulate directly its rate. The models of genetic regulatory networks also exhibit oscillatory behaviour. While it may be possible to hypothesise the presence of oscillations by observing the emergence of oscillatory behaviour at simulation time, rigorous formalisms to model, verify and regulate such behaviour would be more beneficial as they would provide scientists with powerful tools to understand the biology of complex systems. Conversely, the complexity of oscillatory behaviour stimulates a discussion within the concurrency community on the suitability of hybrid automata and other formalisms as the means for the modelling of stochastic, discrete and continuous behaviour of biological systems.
Preface / Theoretical Computer Science 411 (2010 ) 1997 -1998 semi-algebraic hybrid automata and shows which kind of approximations are necessary to keep complexity under control. The authors propose several standard approximation methods based on Taylor polynomials and ad-hoc strategies, and show their effectiveness in observing, during the simulation, the oscillatory behaviour of the Repressilator model in terms of oscillations in protein concentrations.
Bortolussi and Policriti present in their paper a new semantics of sCCP, the stochastic process algebra for the modelling of biochemical systems, in terms of hybrid automata. In particular, the authors associate with each sCCP program both a stochastic and a non-deterministic hybrid automata. They discuss the modelling aspects, including the effects of discreteness and stochasticity on the behaviour of the system. The authors investigate the oscillatory behaviour of a mass-action model of the circadian clock. They analyse the interactions responsible for oscillations and conclude that discreteness, more than stochasticity, is the key ingredient acting as behavioural source in systems where the number of molecules is very low.
